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(54) SWITCHING REGULATOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To make it possible to use a low 
consumption current function during OFF from terminals for 
connecting capacitors by commonly using externally attached 
capacitors for phase compensation and soft start. 
SOLUTION: Vc terminal for a switching regulator IC1 is grounded 
through a resistor R1 and a capacitor C1 attached externally. Also, a 
collector of an NPN transistor Q1 with the emitter grounded is 
connected to a connecting point between the resistor R1 and the 
capacitor C1. Inside the IC1 f an output of an error amplifier 6 is 
connected to Vc terminal. In response to the voltage VEA of said 
output, a soft start circuit 10 limits the conducting time of a 
switching element 2, and ON/OFF circuit 9 controls the ON/OFF of a 
constant voltage circuit 8. Moreover, a first constant current source 
11 always applies a second constant current 12, and a constant 
current is supplied to said output during the operation of the constant 
voltage circuit 8. 
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(57) [S*>] 

iM&^m] x-i yf^yi/faL'-sfliici ©v 

c H+tWOlfiiaR 1 ia>f>*C 1 &&Hs 

f-7>i?X#Ql©=iUi'*tt, JifBjgSiR 1 £=i>-r 
>f C 1 £cWm£tcJ8&Sft.S. I C 1 rtgp-Ctt. x 

^©SJEV^Kjeur. V7 hX*-hHftl o«. 




4, 

«MiK a r«v7 rx*-r*S4, 

** i sm«a§( 4 . ±mim*mm&Bt#M9m»i& 
ag4 *«*r i> * c 4 **s»4 *r simbi i istgcDx 

[0 00 13 

kmu »(c, *7«<D(Sffi*sic»tt. *j<fccx, mm 
* u - * ccrit £ fe <dt& £ . 

tO 00 2 3 

[0 0 0 3 3 cne>x^^>^u^u-^i s n 
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[00043 fi^r&s. ±E©Jtl»ff 4, ^n^s-^ 

*U-£ffl<D \ C ( Integrated circuit ) felf&l/T 
HfE34vCl>&. Cti6CDIC*3M«r*CfcK:J:-D 

[0 00 5 3 I c 

r » % J: 5 fc % »^^iWwa^©BO«aW!*S tl 

•O-Hiltlt »«©«J«|&4tt»|5C. ttflD^Q 

[00063 nm^<DmxmszmteLxfr£>x 

«*HKD*tett. lfJ:0»<4ll*sw*4 B Unit 
^ n > ^ >^^CD^mmiSft <*: CC J: ot, X>f 

Ltc&-yx: s ±Mmmmtctot,>r % xa y*>?m*<D 

30 u-^ffl I cfefl6flBStirc»s. 

[0 0 0 7 3 CCr, t7B$0«flili|g<bV7h 

1 [A] gJgCDiSa^OP^EMX^ 

X>f ^^>^U^"^lx-^ffi(D I C5 l^^M^nt 

-LIB I C5 1 » % X>T ^^>y^T-5 2 4, 
^^>^*^5 2<D«ii/^«Hnir«IH«95 3 4 
*«^t*jO, ICS l©v XH iB^4r^brJM»cDA* 
40 «a85 4^6«*&3tiS««*B5lHLrVouT ffl^tb 

^*-Pft^6ft«4WflSB5 5aWMII 
^nr^D, V 0UT MHF-J: 9 K«LrfWftS 

[00083—*. i C5 irtSBtc»^6n/cx^-r 

M^1EV AD , 4S*^ilEV Rtr 4*Jt«l/. M^OD^M 

so ^a*r*Hft»4a*«Ev EA 4*itt8u % «a«ffi 



3 

a v*^?^ 52 (Dmm/mmzmwTZo cntcj; 

tt<-5e<D«E*V. BH^fcHtfTC**. 
[ 0 0 0 9 ] *te % I C 5 1 fctt, *#«te<Dft;±*i* 

aft^&fS5K-r4fc«>(DVci»?-^»we)ti, i c 5 1 

tt, *Ort»«iHr*SS«IIiaB85 8 0«6ffi/#Nttffi 
tv cl ^©«ttKj£t;r«»p-rs*>/*7BB5 

Ji*«i8pr*v7hx^-nai86 0. fc<fc^ v cl s 

*fc«>0W£*iSft«6 1 mtl^ B ±EI C 

5 1OT CI SW 3>f>fC5 1 £;*>LTSJft£ft 

[0 0 10] ±BSh^>t>^*Q5 1£»»S 

£££5*frC I C5 l3WM»T4«**iS«r*, #7 
[00 11]—*. h^>^X£Q5 l*jg»rT££, 

^ms^6 1 tgSx^urn^^v-^c 5 1 
Kj:^rift**i«aRr±#-r*. bass 

^jeftftu^ncarssE-c. ±iev EA £±tf 
*fc£LT\ men 5 3#*uffli-r*;M v*isvst& 
5 2o«ji«m«MiK a rs. cntcct^, ^^^>y 

[0 0 1 2 3 *fc. X7-7>y5 6©ttfB«»t H. 

1 otc^rjr^oc, 1 C5 irta{c»w6tifc»ta 

[0 0 13] iC5^ 3 [A]gg©ffl^O 

?*>^U^U-*<Di©^ I C 5 1 f^DftfB 
fii«HBrtt % x^-r>:/5 6CD{itBiin£+#tefi 

mmtxDxj vi-isw*? 

><r I C 5 1 rtWcRtffcSte* *?7V4Xifi 
[0014] Ofc#oT\ SI 1 (C^T<fc0tC, 09 K: 
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SVr I C5 lKl£jtT\ X^^>yu^U-^ffl© 
I C7 1 «rffll^lSm^?CD^^ ^>Mal/-^ 

!SR7 lfc<tD f 3>x>1fC7 l**#WLTffiffi*MI 
*ffr>rc>*. ffitSR7 l^^^lfC? ICC J: 

[0015] I CO«ff«*iiflIS^r«:, ±E!B8R 
7 lte<fctf3>^>iJ-C7 14Bl?)#W^ JJBI 
10 H9Cc^-rv ca jS^«:«:*r. x^-r> 

I C7 l©*>/*7HB59fciWV^ 

BCDffl*fllEV M *mil/-C»fW*. 
[0016] COZJ y*>tf\s¥* \s-2!£*ym<D 

<fc^tc, I C7 10V»M?-(C«tt3ti. x 

5 ^^SttSnfcNPN F7>vX^Q7 14IC7 
lfCiWtWJ"*. CCDh^>^X^Q7 lO^-^UCi?? 

U X7-7>7'5 6 0ffi;fr^{iV EA OTSGND 
itt*. Qit % C©WEV EA *»«L, 

EEHB5 8 £:f?ih£i*5o COJS*. X-^^^U^ 

[0017] — * % h 1 1 ccm-rx-f ^>yufau 

-T<£5K. ^^-FDI7 2fc^3>f>tC7 2 
30 *IC7 1^W»«. y-f*-FDI7 2tt, IC 
7 10V C2 ffiTi=i>f :: >1fC7 2<t<DPi8iC;fti£U 3 
>-r>^C 7 2*6V C itt J F^»*xS«»*iiKLT(ri 
So ft**. a>-r>itC7 2(Z>flfe«ttSSBi3n-CC*S. 
[0 0 1 8 3 HI 1 CC^-TA*«iB5 ^fSAT*^ 
IC7 1©3£«HHR6 ltt, V ca »¥-*5j:CJfy-f*-F 
DI72^/Mt 4 =2>-r>1fC7 2 *Ni9f£<DttSk I „ 

[a] *«»-r4. l/c ^ ot4 v cl s^FcDmi4. -ra 

x^-r>^*5 6CDttl^miIV tA « x =J>*r>1f 

C7 2^c [f] tr*i, mife©«*&ra*s^6^Ht 

40 [#] ^ffiM-iJCffot, V EA =t • I B1 /C [V] 

[0019] v7hx»-na»6oit x^-r>y 

X. M8PBB5 33ftS«|flir&X^ sr^>yjR^5 2©i 
[0 02 0] ^^c, _blS^>f^- KD I 7 2fccta : 3> 
KD I 73*J:l^faR7 3*sa^J«l»W6nr 

so C7 zicwmzntcmmz. y-f*-KDi73*^u 
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[0021] 

01 3K^TJ:5K:v:7 
h*£- h®tg©3g£ii^TSc4ai'rirfrt,>4(,>5 10 

[0022] ±i30WiS=&»^-r Ztc&lC. Mmm 1 
3(C^-T3>-r>-^C 7 2comiw ; &S5(tbl-r-2) f-7>^X 
££S:W&C4fc#;t6.n.S>. iC5*i, ttUr-YTi 
I 7 2©^EPrF<Dfc#>, ^>/^-7|5|S85 9©*:? U 

Ltcvy M1886 0©V7 f-X£- h U^;k 

01 1©$J&©;W f 9 1 >^U** 3 .U-3?K: 

[0023] ±l2©raS*=&^-C^tSnfc 

«I4. V7 h*£- h&jjg4£tf 5c4#-cts;w ? 

5=- > ^ U ¥ ^ U - £ £ -T S C 4 K. $> & . 
[0 0 2 4] 

cc m^«^-r^m^{cf£;Dfc!)§^mii4BFf^©s« 

$affliTsm*$iiQi*e4. ^3«^«c±b-ct,^«^ 

fi»-rsfi?sasaE*©4. «ami»«m«la:ikc. 
iMztm&m^&otojjmE.&mizonEEic&rzt 40 

1>T. «T©^e*gJDfcC4*!|$®4L/-Ct^„ 

[0025] iiEMH^ta^sotb^tt. s 
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[002 6] fete. -klBttifg^Kte. h 7 

>yx$^c4-tc<fc»3itfiS3n. &micwm$titcmffi& 

abW-T C 4 ccj: 0 . ±ie§agfcfcb3Mg©tfJ*mEE£|i$ T 

[0 02 7] W±©^{C*J^r. 
U-*©fflXT3#K:tt. ^M&ffl^I3©tti;tHtgi&Snfc 

®t*ssasnr*s»3,. ^tam^a©^ 

tiWJfciritWffiWU*. ±IB^S4Sta4 «: J: »3« « 

[002 8] ^2>{ttiia©tt±£J§^-rSt§£, ftjtfg^ 
^«IHi#©©ai^*fiT5-a--5)„ c©t«g-c 
tt. ffiTJSHHS^&W:. ©i^©m;ttfti!££<?il:;*tt-ct,> 

S-i±s^4'L/-r?g«-rsmijfe«:fi«L-rt,^. je 

*g©m*^Eb^rt,^. ^^ai#g© 

HfcfcWEtt. tt^^^&KJ^ffiTLTOS©-^ M 

Mt*ffl^ig©ui^{c^$ n/c^sic wmiSf^sas n 

[00293 ft±mm^m&igxm£<m±zmmLrj: 
•tot:. mmka&m(Dait)nmm>*tc±m-rz,. s 

ttB^E^tit, UWJMflP^St*. m?W^©m 

mMtfetti#s©ui^^ffi^-rs. Lfc^s-p-c, ±tasa 
©m^«e> -r^cfc^, ^^tb#s©ai^m)E«. * 

[0030] — ^ V7 hX^r- h^&tt. 

^©la^mff^iimo^ m^©m^«*s^iit&ur^ 

ffl. «*.«. x-r ^5 1 >^-?©^jiB#S*S(iai-r'5>J h d: 

4-ur, m^^*«&-rsB#p^$ai!B-r€,. cntc 

^^U-^cajjf^Sc^^St?©^. Hv?->>/ 

[0031] -enKP^.. fiitaii««©g:a4v7 

- h ffl©SS4 t&m-CS . C ©g«=&gi^Ti^M^ 
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[ 0 0 3 2 ] * fc. {£tB*i«ffl©SS*J J: 
fSj±r*^o io 

[0033] 3 JJBHfi«kff]¥&*>£«jlEfl[£$ 

©&£itansiisc4ft< . 

[0034] mix. ±E3ew»«t?B. *>n#©®£ 

L-C^6^tC^3«*&t--5Sr(DB#Fa > -r&fefe. to 20 
SB$f3©*I*§ 4 . * V B#©«i *S«E©{£« 4 ©jRjfrfci* 
JS t fc X ^ 5. ^ > y U ¥ * U - * £j|3gt? t £ . 
[0 0 3 5] m?m2<DftWlt<&2>Z'( ?*>i/l"¥* 

u-ftt. ±fBg^£«?&-rs m>£Mi<omw 

©*g*&tcfc<,>-C. ±fB5£^jfc?Stt. -3£©^*&£?i?K:« 

[0036] mnmm^mmm^.m'k&mLx^i, 
m2mmw.m&#itxz z<dx. *?mcis 30 

-ess. 

[0 03 7] m3m3<D&BMcVk*,?.-{ v?>tru*f*. 
2©^WOltfi£K:fet<>r. _hiB5£«S5HEtt. ±IB*>B$ 
±. 0. 4«T«:S:5eL/-C(,^C4*!^it4Urt^. 

[0038] *tv®L ±.sz*ymommi&m<DigMt 
¥*.i>-$*:mmvzz. 40 

[0 03 9] 

i &c> 8 Ks^sg&sg-r s 4 «T©ji -r&s. 

[ 0 0 4 0 ] m 1 fc** J: *«60!iik:^SP5ff 

\s*fa.u-zm<D\ c i*>e.#fiSsnrc^. ±ibi c 

ltt. V ia IB?&V„ T ffi^HSlCft&TZtr-V^bZs 
^ $ ft/c h -7 >yx 5f ft 4'*> 6 -5 X ? > ^fg^- 
2£r«i*-C*s9. CCDX-r y f->if^2<omm/WS\ 

*mw&z< l c£'<)m®i,x^z>. cnccj:*). v 1( a^- so 
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«. >j7^$>x-?>3>f>t. y-f**- F&4*a>e>& 

S^milS 5 *rC is D. V„„ T «^«fc*)K« 

[0 04 1 ] HWJST-V. <D^E.ZftEELXWtb 

i c msuKi^w^nfcx^-T^^ (gsM&m^s) 
o^sKA^a^t*. i c i rtgp-c^3nfcs*nm 

JEV„ tF *5Epfln$^^„ X7-T>7*6«. V, eF 

^*s^>Aj: < J: 5 ft* -f 2 ©^jl/S 

«. ^i§f©S§K:Mt>ti^<-S©SE^v 0 ag^*>i5 
[0 042] $ ±IB 1 C 1 «. jafi^ailHl8S-?> 
S. IC1 «cMS*^^*^4«SIhIBS7^16L. {^^ 

[0 04 3] ^IdSJgffiK^X^v^^yu^a.U- 
W*^*3 A%4K:g^L'fc^ffi^5f 

L-fc^^t. fitnR l^siO'^^x^-y- (gi) CIS: 

ic\^twtvvxmmt\zm®.{,x\,*z>. tut> 
ic nc\t, ^^~r>y 6 <DmMcm^$titcv 
c iS^s^wenrfcf). ±gBfiiaR 1 ©— mt. co 
v c ffi-^K:g^^^.5 4*K: > ffeffi«. ±IB3>f r >-y- 

c i ^L-cjgt6$nrus. tmRiomm 

[0044] XW y^^^U^^U-ifCD^-V 

(t*±jg^s> Qi*s»we>nrt»*. mw.b^>^ 

X^Ql©=iU^^«. ±ffig!aR 1 i3>f>tC 1 

4©s^*^-3^t*5n. jgiasnrt^. 

C© h 5 5»Q 1 ©^-XK V.EtLJbODmE'SrEntt] 

•C^. X-/ 7f>{'U=l ; al/-$©tVt7* I C 1 

[0045] Sfc, I C 1 ©F*ig|5(c«. IClOrtSPm 
©t?*2»S^BEIslK «gr«®m^e> 8 4. ±5BV ( 

■?*>*>/*7Mm mtiMw^m) 94. x-<^^> 

h5«V7 hX$- HUgg (V7 hX$- h^e) 1 
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0<h#Ktt6*VCl>£ o 

[0 04 6] ±iasmmHiK8«, a^s^v in ^6« 
m^m£Ev EA , ttb^, v c ffi+om&ZTtfzct 

[0047] Sfc. V? hX£- Melffil Ott. x^r- 

manne 3 ^wkb-t & x a * > 2 cr>^iiB#ra * 

[0 04 8] ia^OttC»A«f^«*«»*BB>&l/fc» 
£0C cfc r> X % X >f v * > £^ 2 ^»*a«ij£#ifcft 

[0 049] ICltt, Vj.ttf^eflKj^tt 

j^^tiri^r^. x-7-r>^6<Dta^mic0fg<D5£ 

£Hl6 1 w £rifi LiMffS 2 SWftH (^Hffia> 1 2 £ 

l*5<fcCJfS2 5E«SSBl 
2W\ ^#^03>7 r >1fC lte«ffi#88l3*iTl>& 

[0"050]»l««jHll l©WE«I n tt. *:7B$ 

iu&hs< users n>7 s >ifc 

10««fflI 11 i»23E««ai 2 0»»ffll 
t.iOlttt. 3 : 7^e>4 : 6gtt«CHSEStin»S. 
[0 0 5 1 ] x^-r>^60aj*iV Xi «T- 
i<D^tc«. B2MBDxb"~^-X^*--Fl 3# 
Ktt6«VC*9. Vt.MBIftt/fcJteK:. I C 1 (fCftfi 
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[0 05 2] I C l±(CM$n/cib' — 
-F13K, H2fcJ:CfH3«:^-rj:9«c»jS 

i*©^**lttt3*rjBJ«Ofc«BiJi 1 3 b«x.t 
P^S^l 3 afc<fctf3&Jil 3 b±*ctt. $ 6 

+ ;UJI1 3 cGDStE&c&;j\ 9f5EOgB*S*ji»r, pIO 
34fife£^Lfcpfi3?CMl 3d. *JcfcCXn^cr>^ 
10 K«ff*aAO/cnS[^*EaiBl 3 e^StitC^. 
ft*5 v M^il 3d- 1 3 xt'H^tiH 

&tc x m^timm 1 3 d • 13 e±cctt. ^n-enii 

1 3 f • 1 3 f jWfcJiSSft. f60HK<k«l«Stirc» 
[0 05 3] iC^t, St3fcO^-f7f>maU- 
iV7 h^^r- HSMiOHB <H13#JH) <5J 

[0 0 5 4] ic^ k #SS»»»te«sx-f 

fc* — c-x F134IC lp^^^^citcj: 

[0 0 5 5] _fcJB*^CCfcl^r, 01 &t^-r h^>^x 

30 ^qi zmm$> *> 1 > izmm l tcm&o ^^-^>^¥ 
cv] iiirat [#] t©w»*s%ria4©y7 7 

[005 6] h^>^X3?Q 1 CO-^-XtC^fSCDmjE^: 

oiira-r^i, h^>^x£Qi#^M-r£o u/c^o 

1<DV C S&ttmtiL. -Ttttoft. x^-T>^6CDai* 
40 t7§B9tt I C l<D«*«r*4JE*EEIalB8*ff 

ff-r^ i c iosiniffi«, #±bn^ 0 ccD^m, 1 

C 1 8 <D* >B$tClt-<T Anl 

/cU *>/*7iB9*iWHS«|«ll ill. V 

[0 05 7 ] ^-xaaE*Tif4&^i/r % h^>^x 

i>Q 1 €r^r £ £ . ±E» 1 5£^iSa 1 1 tt % ■ I C 1 
50 CDV C fccfc^fitaR 1 Sr/r-Lr, ^©3>t s 



n 

c 1 ^mfeommm i ccwftBr 

tt, 92£«2K81 2^32>7 r >1fC l^MfaZm&L 

smE. rtt*>%, iciov c ST^^sn/cx^ 

-T>:/6©Ba«EEV tA tt, «*>*»fcJJW-£ (04 
tC5*TB*IB;Wt lKTOJHlH) . 
[0 0 5 8 ] ^«*H*fiLr*»6«FPJ t ltffiHSU ffi 

1 2 **t* I C 1 0^B0VbfE£Hte?S. COISI2 
£B»jRl 2B\ Sl^lMl 1 £ffimttC^>-T>V 

c i^s<«e«»i wt#ot. 

^i£l CM ciKJt^jnrr&o cois** x^-t>:/ 
6offl^maEv EA «, nut ltTOWKcit^tii 

fc±*W"£ (B4fcSTB*HWH ia>6t 2©J»IBI> o 
[0 0 5 9 ] (&A«BEV EA «t±|»bT. JJr»DV 

01*, ttf¥*H*&U HJ*«EV BA *JTdbS»6tifcS 

wm-rznKzimS'&zftzisX, 

frc, "^rat i3!p6B#rat 2*t©B, iciom^miE 

WUfcHB 5 <Drj > T^if^o^WKfift i'tc <£ ot , 
^Mtt it Afr X ? ^> ^T-2 *»H3ft»^ 
tefex-f ??>^j£F2&£&;W 7?>£'U4 f .aU-- 

So 

[0 06 0] H4K:5VrJ:5K: % 3fcm£Btet/*C*>£B# 

-rs&, v7Fx*-hHBioii. »ff*»±-r*. 
^-r>^6©m*K:fifer*t»Bantt. i c i ov c 

MHF«ctttt3ti^ttKR l *5cta f 3>T r >if c 1 (c<£-? 

[006 1 ] Sfc k 0 1 CC5VrA#«B4 SrfiUhSi* £ 
^Ci'l/t. V,.fij-f^EMinSii4«E3&sil8GNDU^l/ 
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c J8-¥<D«E* Tttfct, x^-r>^6(DttJ^mBEV 

te, *f-V I ,*>6«**s^StittC**»6tt, 
7@B9*$<ktfWlje«««ai 1 feffih^n^. 
10 [0 06 2] ±EA*«R 4 * 6 V , . »?-^*EE#aiflO 
*>/*7BI8Wl«[l»BBil 1* 

tame* *4 v*>ifu*fa.\s-*\t % »ff*H»-r 

So 

[0 06 3] CC-C, H4Kl^r^rat 1 % t 2 

^m^co^^fyvc i ^^ns^ i chci = i 
ii [a] , mnmmmi 1 • 1 2&mtLxi*2>m&<D 

20 3teK«*% Ich 8 »= In+ Ii, [A] 1 1 = 

Cl -VI/Ichci [»] , t2 = t l+Cl (V2- 
VI) /I c „c 2 [»] itt*. tt*, Cl [F] I*, n 
>r>1fC KDgaraO, VI [V] tt, *>/:*:7 
§89©^>K;l/ v V2 [V] » % x^-T>:/6<D 

[0 0 6 4] *7l*<D?B»«»*iS«TSil^«*r 
±ffi?E»SS£lcHci, "S'tc*>*»15£««aBl 1(0 

[0 06 5] Ltcifi^X. $IMIWSX-{^> 
yu^U-arr«, Tttfofc, Iii 

/ !»,) *«0. 3^60. 4SftCCtt*Jt9 

«c % ^l^m^iSl l©m^m^I 11 *$J:^m2^mffi 
«1 2©ffl*«»Ia a *»3eix, ^^B#<D7g©^acDg 

[0 0 6 6] r3>7 r >1fC 103£««flb&S, ^^B$i^ 

(DJ:^CC, ^t-F726R»ft<tt>«tK CCDS 

U-<;l/^>, 77 hx^- H9B1 0OV7 FXd7- h u 
4»<fciy*>/*7BB9C[)*>/*7U^c;U*fK 

fig. *jJ:W7hXdr-h«Bfi* % 1ocdv c S^ffi 
so i^r^irt^. 
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Mincer, H7©@BH«:«^*, S^cciftfffl 

[0068] -r&fe^ m i Mn&aR int 01 cc^ 

[0 0 6 9] ±MttU>h S 1 a&£ k 

[0070] g/c. Jsri5Em«?gi Jiteh^>^ 

SOffiKfillf-rS^fflilBl 1 bi, h^>^x*Q 

x^Q^o^-x^^^-r^m^miiissi 1 c 

[0 0 7 1 ] ±fBh5>^x£Q 18 ;tei:tfQ 19 fc*^<D 

h 5 > v> X £ Q 1 9 CD n U * * ®£ t CO fij OC ^ b < fit £ o 
[0 0 7 2 ] ±!ESmaEBB§ 1 1 btt. ^i^u^ 

JJ3WR7-02 i ttcmmzti. is^it gnd? 

l^Bf3E©«IIV XB 3&SBJftlS<ir^4IB. h^>^X£ 

[0 0 7 3 ] ~~f5. S%tt(tilElB llctt, iS^I 
: 4«cBBES*i..*a©^-X*»'ONPNh^ 
>^X*Q 20 fc<i:tfQ 21 ;!P6ft&#U>h 5 

Q^ai^^a:. ±lS#U>M5-leI&Sl la* 
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[0074] Jfc h^>^X^Q 21 CDx$ * fi 

tt. *©**GND^>2 0^83S3hTl»4. h 5 
10 >^Xjr©V„©»ttil/T. V BE = (kT/q) • 1 
n (I. / Is ) h^>^X* 
Q 29 fccfctfQ 21 #>6fc:&;*7U> h 5 ?-M$&<D'^7l/X 
It, h7>^X^Q n ©x$ ? £m{4# (kT/q) • 
In (4)JHT©BL Tftfc*>> h^>^X^Q 13 fe<fc 
^F^^^QnOni/^^iiSln^ (k 
T/q) • In (4)/R ia ora, ft**, 
k«tfOU^v>5E» % q fctS^cr^itfi, t 

[007 5] JbKfltefcCC*Jl»T\ 0 1 tC^tV IB »?4 

[0 07 6] mss^ttjieiss 1 1 c**0ETS h^>^X 

^jrQ^WftftJhSau^^Wi,,^ h7> 

tt, Stifcl,*. LWot, *7U>h*^- 

0fSl 1 aOffi^m&Ia^ T^cCt)^, h^>>>X£Q 

[0 07 7] *7U> h $ ^HlIKl 1 aOa^^I,, 

fitt&StlS«j*^ (kT/q) • 1 n (4) /R ai £jS 

Lfc^t, h^>^X#Q 2( >W:, i7l/>F^7 
— Bffil 1 aOHtaWfcl^fcttl&LSft-r, 

40 *±^?^-S 0 

[0 07 8] ±iEh^>^X^Q aB t ^ ^*5itffi(D 

ii^jS^TS. C©»«, M 5-0881 l a © 

ttJ^mS£l la «, I„= (kT/q) • 1 n (4) /R 

[007 9] ±IBUi^m8£ In tt % SttttffiSK 1 1 c 

50 ©ib&atSR 11 ©«JK|| < tccJ:or»»6ti, A^mE 
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«0racE*£ars£«ESR9 a, hi 

S«> M§S9b[t ±KV„4WI«EiCDJt«B* 
6CJ&CT. NPN h7>i*;**Q„©^-X^*fWfB 

[0 0 8 1 3 ±E3e«EESI89att. 

*U>F$7-§B1 1 a£«J&TS h^>£*** 

^(iGND702 0^$nrc^o C*lCCj:D, 
SmEE(5lB9a« v #U>h^HHffil 1 a^6-^ 

**Cfc*2V >e fc«OC£#r*S. tt*5, V BE te, h 

7 >v>7 ^ Q„ J: [>'Q ; , JCfc W - x > „*|B 20 

t o o 8 2 ] tit. ±iBJteaHiB9 b at. x a v tarn 

ilONPN h7>^**Q 1§ te<ktfQ 17 jfo6tt£*7U> 
^^Q 17 03U^^ 4 fc<fctf^«E[IIi&8<D*>/* 

^ *tsmt s v > v * 2 q 2 9 x ccsgt £ nr c > 

So _biS h ^>^X*Q 1B ©^-;*£:3U* #£#2l> 30 

[0 08 3 ] ilBh^V^X^Q^fc^C/QastC 
SI©x> *7lx>h* ^HUS&l 1 a£fif*£-r 

2B :fc£tfQ 27 <Dx$ GND7>f>2 OCCJSftS 

[0084] J!^ h^>^X^Q 24 CD-<-X«, ^ 40 
fflHS§9 a<Dh^>^X*Q 22 <D:3U**^ig^£ftT 

*©Ktlv 1CQIO tt, 2V„«:«/fctirc»*. - 

Hat«flft4h7>^JQ ll ©3U^)fi % NP 
HSo Jil2h^>^X^Q 2 ,(D^-X<!:r3U^^<f:«2 

5(0.1,) v e * + v be k:^ti>So v ee «, so 
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[0 08 5] Ltc&-?X. 01 «C5W h9>t?X$Ql 
V u *WGNDKma^ h^>^X£Q 25 0 

•^-xm{4v BCQ 2 5 5 «, «&iv BE £fc!K v BfQ20 >v 

#h5>^X£Q 26 (DA^&£ ( h^>^X^Q 2 »CD3 

Ao*<tt*. ±iB^mE 
0B 8 *w»r * h 5 * q 2 9 cd-<- n 

®3EHK 8 WJhTSOr, I C 1 *sidfT5«**» 

So 

[0 08 6] mitCTTCT h^>^X£Ql*ffi& 

4, h^>^X^Q 25 CD^-X^{4V BCQ25) « > B61V 

it ^6-x»«:±»-r4. v„ + v«r5%sn*v Bt0llJ 

2V BE ti$n^F7>^^Q M 0^IfiV 
.cQ.o*«*.fc»£ <V„#V BE *j^fc*te) , ±13 

fife) h7>^X^Q 27 ^/MTGND7^>2 0^ 
SftSo CCDig^ ±IBh^>^X^Q 29 <D^-X^« 

ta*. cntc<fc^ v 3E«ma»8 3»j«ft6, hi tea* 
■r i c i ®«^*a*«i&-cs*. 

[0 08 7 ] COM*, *>/*:?BIS9tt, x^-T 

&S8 tflULSttriB I C 1 *s«JW4«**fi»rS 
t*tc, V EA sPV. e *BX.fc»*. ^«BEIslK8*af¥ 

$i*sc<t#*css 0 ^>/^^hb9cd^>u 

[0 08 8] X7-7>7'6W0^2^ 

So 

[o o 8 9 ] m2mn$Lm 1 2«, *<-xtfi£M<DPx 

P h^>^X^Q 3l fcJ:a f Q S2 €:WrS^U>h 
*Jcfc^Q 32 CDx^ ^ SSBEIslffiSCDabff*, — S 

^^^e>a*r#So 

[009 0] F^>^X^Q S2 (DnUi7^«, 
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fc<fcD c SiSR 12 j &^L/rGND^^>2 0^«iasnr 

OS. Uc^ot, SSiRuORinitEU. (v 5 - 
"2 • V„) T^Sti*— 3E(D«BEd:ai), h^>^*£ 
QnOal/^JWEInlt (V, -2 • V Bt ) /R ia 
<h&S 0 tt*5. ±IEV BE &* 4 h^>^X*Q 3a , :fc<i:t>' 
h^>^X*Q 33 <D^~.X-x * y^|ffl«EE*C*4. 

[0091] ccD^m, sr2ssm[i 2\t % mix.™ 
rmvEMKs wiEv, «*s ? >r > 2 2 ^epjiilt 
t^H, = (v s -2 • v BE ) /R 12 ts^n^- 
3e©«*i»,*H«rr*. jjae«EE0B8 3&sv, 10 

So ttte. K«lEgB8#ffjtLTl>*»^ ffl^SiS 

t0 092]-S, x^-T>^'6«, HICCctTO 
A0J «?*>6«lftStiS«»K:Bb6f, 0 AOJ ffi*^ 

aSKtlr^. _hlSA^|5IB6 a£1«j£TSNPN h 

3 u * * mm t eh-cd wat##9& $ n s . 

[0093] ^/c, h^>^X^Q 36 0-<-XtC«, ± 

>f>2 2^JK3nr^Si*tC, Sla^/MxTGN D 
#Q 3B <D^->U* V h ^>^X£Q 37 <b. ±ia^U> h 30 

[0 09 4] IWot, h^>s^#Q 35 a>e>#»a3 

6 aCDffl^^tirC&S h7>^X^Q 37 CT)^<-X^{i^ 

il^T0 A0J «»-*>6«l&Sti*Wtffl«:M*>6 40 
0 A03 ^^EPSDS*l*JIW«EV APJ <hp=3— (DH 

[0 09 5] gfc, x^-T>:/6«\ x> ?£#±fcjl 

iEA#0B6a<Z>ffl^mjEV AOJ £SmmffV BEF 
ttMlr S Jt«SaK6 b, PNP h^>^x*Q 41 ;focfc:t>' 
Q«,a>6ft*K ±fEh^>^**Q 3 .^GMSTS^<b 
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So 

[0 09 6 ] x.5-T>?8(DMJj£±MZ h5>^X* 
>^6©W*«a©5fe. rt^^fltBB6d-CRJR 

£-£Scdt\ h^>^x^Q 39 conu^a?m^i, x^ 

fcftSo 

[0097 ] Jt«HR6b*«fltr&h^>^X 
£Q 39 0-c-Xtt, «fSt^lt % A^0B6aOr>ffi^ 
^8Stt3*iTl»S. — F^>^X£Q 39 £2tK:&S 

E@B8*»li-rStti*Lr4flELfcaie*EEV Rer K 

U**tt* JHa*^Lr±ESE«BEHB8 3&J— JECMtE 
V s t»aiT*WB^-f>2 2^S«Stiro*. Lfc 
#oT, H^>^x£Q 3 ,:teJ:0fQ 40 <Dx5 
tt. V REF -V„ittD. JJBfittRt.K:**!***! 

U,= (V REF -v BE ) /R 13 K7ivr£5R: v a 
tSRa s osffifiiRx , £ <£ 5 e> ns . 

[0 09 8 ]— £\ h5>isZZQ !l9 <D'<-zm{iLV$> 
SV A03 V\ 0J = V rcf ~V BE(q39) + V BtCQ4CM 

r«sft*. Ltctf-ix, v AD3 =v REF trsfefett: 

tt» V BE(Q39) = V BECQ40) -C$>2>i&m&$>Z>. tcfc, 
V BECQ3B) F7>^^Q js O^-x$^| 
*E"C*?K V BECQ405 tt, h^>^*£Q 40 <D^-X 
-x^^rilEt^^ ccr, h^>>?X^<DV iE 

V BE = (kT/q) • In (I 0 / 
Is ) ©i^WotDt, h^>^X£Q 39 (D:3U 

IF ^>^^^Q 39 *5j:D f Q, 0 K:^3lCDx^ v ZVL 
^Sn/c^nR 13 €rSfcnsmifiI 13 «, I 13 =I CN « 2 

+ la, = 2 • Ichc.£&9, Ic« 6I ^ I 13 ^C<fcorSfl 

[009 9] gfc v 1^2=111+1,^0, 
I 12 «, 3 : 7-4 : 6©WcfBes*rCl>5. mf^L 
^c<t^«:. S-WKInttOl/ 1 13 «. Iai= (kT/ 
q) • 1 n (4) /R ai , I 12 = (V 5 -2 • V Be > / 
Ri 2 v -1,,= (V REF -V Bt ) /R 13 r*0. ffifn 

Rii, Rw*5<fc^R 13 <Dfflccct ^n-eng^^n 

So 

[oioo] i/c^ot, $HM^icir 
sstSRi l ?acoc/R l3 * i c iftsntc&tf&zm. 

0. SfiiaRa^cCOLR^S^SETSISO^a-feXiie 

o^^fflj$or^So fln^.r, i c icobmw, SfitSR 
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mm 1 1 1 tt l> b 1 , 3 (Dtt* <fc 0 iEW*c«o C <t t 

So 

to i o i ] $tc> ±SBft9mamamKB dtt, km 

l^iSK, ±I^ISR J1 *<fcCFR 1 ,<DS»Wli 

*&HD««*R*rcss. 

[0102]^ etc, rtflH^ttfl@B6 d fitSR 

x7-7>7'6©tH^i< x 

JWttCDfitaR lfcJrO^^f^tfC 
[0103] «±©J: ^SttTftftceff ^ v * 20 
>^U^ u-£JBcd I C lfctt. BHCc^"rj:5(c % 

c WHi. IRR 1 fcJ:»3>f >»C 1 t^Lt»l 

<t, ffi«ffl3B8©ttf^CCV c «^^3E«*I w S:as 
Li&tr&2Stt»Kl 2&£ff*.T**Q. V c 
•IStitea^^C 1 S«Si|K8 0 

[oio4]fn^ 4 i c iftic&mrzct&mm 

»*^<hHD«Cfiloc£#r£S<Lftfc: % I C 1 GtJf 50 
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««* I C l^^f#^L/-cn>r r >1frff 
BfWOa^ F*fi»c*ii*K:«l!lt*fii±« 

[0106] ttfc. *sat»«cc«sx>r *^>yu^ 
[0107] tctcL, mimmwtMi itrnz^mmm 

UitRWiJilc. *>/*?Ie]B9#5tmEEia&§ 
SCiK^oT, 4-7«(C^« I C l©m«««4J: 

[0108] setc. ^^^FCD^mm^icHcxi, *> 

WOXKRSK I IcHd/IcH^^O. 3JM± 

0. 4J&lTCC&-SJ:-5{cR5&rsc<S:K:J:oT, ^^B$ 

[0109] £tc s x-7-T>76<Oti&ltV tn tifrk 
OIB^fiEt4iH»E©it:--^^y-f*-- K 1 3 
*IClrtteRWSC£Ccj:9, V IB »?«CE|TftIStiS 
«E#<5l>*§^c. h5>^x*Ql(D^-x«(4K:|Ji| 

[oiio] fln*T, 

^aU-Jr-Ctt. miSmSS^l l*5<tC/^2S^® 
1 2<0ttl*«»I»i • Ixzt. @8tC^TX7-7>7' 
6<DrtSPSSSl ls i*, fitaR ia ScC^R ia O»!affl«: 

Rutti^L/R,,* i c lrtccjgjsE-rsiBcc, iagkiieg 
cnwicfco. ftnasRuttc^R^tjaisrsia 

^RR„ttC^R 1J ©«afeB--5eitt*. CO 
SfiiaRi^ftt^RijOfiiaffliiOiEStCCRJE 
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[0 111] Kis. -1^MWmX.<foZ>?.4 ?*>>f\s*f 

^— ^©^E*Enflnort^*i. cft&csg-s &©-?»& 
t>. mar. m?tK:ii:?a(c^«iaifflcDffiei5:^L/. 
^m©MSmE*i)§smffv ADJ i ur i c i -vEpjjn 

li©^*sf#6n-s. io 

[0 1 12] ifc. ^USJKJB'Ctt. P4EEM©* v * 
[0113] 

wxm i o&gccfl&X'f ? u=f 
#©©ai^«. ayijoc^^tifcffitnfcio'^a^L 20 

tr&MMtt*. <B?HW8S£#©*smSMS«E*fijlSL/-Ct> 
*7B$©^j£fii£. fi«Lr(,»ttt»ii 
^©maEffir* 5 sj- >b$ ©msSffi fetter (g < SJEl/ 1 

[0114] «±©*j»c «t K> . tftffi*i«ffl©^Si v 

-ei*£„ Lfc^-^r. tttfflfft. *7i5©iS8sa«s&:« 

fig. *J:CFV7 hX*-h«fig©£T*. .MStttm! 

[o 1 1 5] ifc. *mBM?Mifc*iB¥fit&t*gnc 
IB* *sfi»©* *S«©»*ifi*r* x w ? * 

r. ±§B&«fife*0ftf!$oiS«fi6fc* -f » *>ynf * 

[0 116] flDAT. ±IBJE*iftiHrtt. :*>B$©&£ 

[0117] l9^®2©»9i{C^S^-f y9->?U*a. 
u-*tt. «±©cfc^«:. ffi*^l©*K©«fig{c*ii> 
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[0118] effi*tt»^gt*s?i;ftWft£& 
auTOSti^tcti. *25©K»»*#jh-C*4. Vic 

[0119] 8»*3fi3 ©^tC^SX 
u-*tt. CLhfl)J:9(C. IMtai £ fc« 2 ©fS3§©$ 
jffitcisO-C. JJBBMUUS. ±E*>«F©SgEffi{C» 

Ts*7i$©mz£ffi©j&?£. 0. 3 tit. 0. 4«r 
tcS:S L x u s «eS-e * -5 . 

[0 12 0] -e*u9>*.. SfsJOSl ifc«2©^©5?S^ 
[Hffl©lffim&»li] 

[0 1 ] *^B©-iasjg®4^rt>©-cifei3. >w ? 

^> ^U+*^ u-^BSMtfiR^-r^u » *0-c& 

*. 

[02] ±fisx-f sr^^M^u-^ecten-c. ic 

5 i »7'±tC*j{*5^-f+- F©->-?*->*5rr¥®0"C 
*-5. 

[03 3 JdEy-f*-F©*tt*iRT. 02©A-Aifi! 
[04] ±IB^^5'5 L >* r U=1r^U-i'«:*Jt»-C. 77 

[05] ±13X4? ?>^U**iU-^(c*j(,i-C. 77 

[06] iiBX-Y^^u^u-^tcis^-c. 
WOW4xf-7> 7-gp©firf Simts «fc -f >!Rf14 

[07] JtKX-f i.^V^U^aU-^tCtJti-C. ^1 

[08] ±fB*-r ^^v^u+'^u-^fcistit:. ^2 
^mffijgi >7'<t 5r^-r@8§0-c*s. 

[09] '&$m&m-ri><ox$>K), i&tiiijMxj 
^ufa u-^©naj«fes j &^-r7'n v *0-c3>s. 

[010] JJBiSffl/aSX^^^^^U^iU-irtDX 

[011] ffe©se*0i«:^-rfe©-c*»3. mat>Mx<{ 

[012] ±efftUA9^^?7->f l/^aU-jrtCb 

[013] ±iaBtB^x-r5»^>^u+- a u-^(cte 
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